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ヒアルロン酸の細胞機能修飾作用に関する研究
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18hまで検討 した。好中球を cytochalasin B存在下 洋fofmyl―L―methionyl―L―leucyl―L―phenyl―





































Hyaluronan(HAl,a component of extracellular matrices,is a linear polysaccharide composed of
alternating u?ts of N―acetyl…D-81ucosamne and}81ucuro?c acid HA is secrettd from solne
organisms and is found in he highest concentrations in soft connectlve tissues,especially in joint
synovial auids ln inflarllmatory arthritls,he synovial HA is reduced in concentratton and lnolecular
welght This smdy was undertaken to elucldate he role of HA in he syno?al auid ofinllamedjoints
Effects of HA with various lnolecular weights on some of he cell functlons responsible for
inflaFXllnatory arthritis were exanuned in this study. The attention was focused on the,刀ッケ施 effects
of HA on he release of arachidonic acid froHl synovial fibroblasts, neutrophil―mediated c rtilage
degradation,and the superoxide release ffom meutrophils





Prostaglttdins ha1/e been implicated in many features of infla―lon A substrate fof
prosぬglandin biosynhesis is frec arachidonic acid(AAJ from phOSpholipids in plasma membranes
Therefore,the effects of HA on the release of AA from phosphohpids, which was induced by the
actlon of bradykiェun to the synovial fibroblasts of osteoarth?dc pa ients,w re exanuned.I‐IA inhibited
he[14c]AA release from he prelれled synovial cells sttmulated wih or wihout bradykinin l h after
incubation and hereafter The inhibitory effects of HA on he[14c]AA felease were dependent on he
concentration and molecular weight of HA However,he inhibition of the[14c]AA release by HA
was not merely due to he ?scosity fI―IA A did not affect he specittc binding ofドH]bradyk ?n to
the cells The[14c]AA relette induced by calcium―ionophore A23187 was also inhibitt by HA wih
a high molecular weight ln add?on,HA did not affect[14c]AA uptake by he cells.These results
suggest hat HA with a high lnolecular weight suppresses he acttvitles of lnettbrane―associated
phospholipases
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盟 肱所οη
lnaa_atory joint diseases are characterized by he degradatlon of articular canllages,which is
partly mediattd by neutrophils accumulatlng at inflamed sites The effects of HA on neutrophil―
mediated degradattom of the cartilage were exaHllned for up to 18 h in a coculmre systern of rat
peritoneal neutrophils with he cartilage of bovine nasal septa The release of sulfated gycosalmmo―
glycans from he cartilage、vas markedly enhanced by the neutrophils、vhic 、vere acttvated、vith elher
Ⅳ―formyl―L―methionyl―L―leuCyl―L―phenylalanine(FMLP)cO?bined wih cytochalasin B,opso?zed
zylnosan,12-O tetradecanoylphorbol-13-ace協俺(TPAl  calCium―ionophore A23187 However,HA
inhibited he cartilage degradatlon by the actlvated neutrophils The inhibitory effects were dependent
on the con∝ntratton and molecular weight of I―IA When he neu,ophils were incubated wlth
opsonized zymosan,HA with a higher molecular weight(′yr 2 0X 106)inhiblted he cartilage
degradation for an incubatlon peiod of up to 2 h,but HA wlth a lower∬Юlecular weight(上2,8×
1。
5)did nOt ehcit significant inhibition on the cartllage degradation for up to 18 h HA did not
suppress the cartilage degradatlon by he neutrophils h/hich were prestirnulated 、vith sonized
zylnosan The increased viscosity with molecular weigh of HA may play a role in inhibtting he
actlvation of neutrophils by opsoni‐Led zymosan 「Fhe inhibitory pattem of HA on he cartilage
degradatton stimulated witt opsonized zylnosan was essentially siIIlllτr to hose widi TPA and
A23187,as a stimulating agent of neutrophils,When FTILP/cytochalasin B was used to simulate he
neutrophils,HA samples(haVing different HЮlecular weights)inhibited he neutrophil―m iated
cartllage degrad?ion for notless than 18 h of incubatlon HA did not affect he binding ofドH]F僻ヽ
to the cells, In addition, HA inhibited he cartilage degradatton by he neutrophils preincubated、vith
FMLP/9朽chalasin B These results suggest hat the inhibitory eff∝偽 of HA on he cartllage
degradation by the neuttophils are not only due to an increased viscoslty Of he lnedium,but also due




ln inaarmatory arthritls,oxygen radical de?vattves,、vhich、vere produced by activated neutrophils
in inflamed joint, play a maJor role in he generatlon of joint tissue inJury. IIrllnunoglobuhns in
syno?Л nuid are ttapped in he supe?ciЛla_yers of attcular cattlage in inaamedjoint,The trapped
iIImunoglobuhns on he cartilage surface actlvate he neutrophils attached to he surface The effects
of surface treatment witt lgG,syno?al auid and HA on he production of supero?de a?on((乳
‐
)
were exanuned with he adherent neutrophils  lgG and synovial fluids ffonl Pattents with
inaa_atofy joint disease synergisuc』ly enha ced he鏡
‐prod ion by he adherent rat pe?toneal
neutrophils A gel filtratlon sttdy indicated hat he neutrophil―sumulating substance in the synovial
auid、vtt a large mol∝ular substance and l1/as inactivated by digestion with boh Proteinases and
O―glycanase,indicating a glycocottugate wih a muciniype sugar chain
When the surfaces were treated witt lgG and syovial fluid in the presence of HA,HA decreased
働
‐rdease levels from he adherent neurophils.The surface tteatment wih HA having a high
molecular weight(γr2 0×106)p?Or tO treating wih lgG and synovial auid resulted in an inhibidon
Of he覺~prOduction by he adherent cells on he surface,The覺‐prOductlon in resPonse tO the
surface―oated lgG was also inhibited by subsequent surface―coatlng with HA of妊2.OX 106 The
nu?ber of surface―adherent cells was unchanged after he surface treatlnent wih HA of γ「20X106
in all cases These results suggestthat(1)HA inhibits he surface―deposidons oflgG and he syno?al
auid compOnent,resuling in m inhibidon of he働
~production and,(2)血
e surface_coated HA with a
high mol∝ular weight directly affects on he adherent neutrophils,resultlng in an inhibidon of he呪
‐
pЮducion by the cells
Results obtalned in this study conclude血証HA wih a high molecular welght eliclts a tissue
protectlve function against he tlssue damage induced by inaa―atlon,HA、vith  large rnolecule r ay
be considered as an endogeneous antl―inaa_atory substance lt has been reported hatI‐IA synhesis
in human synovial cells is stlmulated、vith inf a―a ory cytoklnes in synovial fluids and hyperthemia
in the inflaIImatory reactton  These phenomena seem to be a natural recovery process ffom















































































材 料 と方 法
ヒアルロン酸











た後,6穴または24穴培養プレー トに1.4～20×104 cellS/cm2の細胞密度で播種 し,10%劇BSを含
むDMEM中でコンフルエントになるまで培養 した。実験には4～7回継代した細胞を使用した。
滑膜細胞からのアラキ ドン酸遊離
24穴プレー トで培養 した滑膜細胞は)10%劇BSを含むDMEM中[1-HC]アラキ ドン酸(10～2.2
kBq/0.5m1/well,19～2.O GBq/mmole,New EngiaIIld Nuclear,US.A.)で37°C,24h標識 した 。標 識
滑膜細胞は コBSを含まないDMEM l.O mlで3回洗浄後,分子量の異なるヒアルロン酸(025,0.5,
10及び 15 mg/ml)存在下 または非存在下でっブラジキニン (10″M,Bachem,U.SA)または
A23187(1″M,Sigma Chemic江,U`S.A.)を添加 した 10%劇BSを含むDM酌1(05d/we■)中で3h培
養した。培養液の粘度が及ぼす影響を検討するため,他の培養系においてメナルセルロース(0.4,
15及び 4.O mg/ml,東京化成)を添加 した。培養終了後,培養液を採取 し)細胞は Ca21ΔIg2+_不含






ン酸を添加した10%劇BSを含むDMEM(0 5 mVwell)中で48h前培養した。後半24hには [“Clア














クロロホルム混液 (1/2,v/v)により脂質を抽出した。培養液は l M HClによりpH 3とし,約8倍量
のメタノール/クロロホルム混液 (1/2,v/v)イこより脂質を抽出した。得られた有機溶媒相は窒素気流








結合 実験 緩 衝 液 に は,01%NaN3,0 2 mM bacitracin(Sigma chemical,USA),0 1 mM Captopril
9
(Sigma chemical,U,S,A.),0.01 mM Phosphoramidon(和光純薬),1 0 mM dithiothfeitol lfrI光純薬汲
び0179脂肪酸不含ウシ血清アルブミン(コスモバイオ)を添加したCa21ふlg2+_含有PBS(pH 7.4)を
用いた酔1-43].6穴プレートで培養した滑膜細胞は 1.O mlのこの緩衝液で3回洗浄後,直ちにブラ
ジキニン結合実験に供 した。滑膜細胞に,ヒアルロン酸(1.5 mg/ml,猛2.Ox 106)及び非標識プラ
ジキニン(5μM,Pe?nsula Laboratoies,USA)存在下または非存在下,[2,3-prolyl-3,牛aH(N)トブラ
ジキニン(0.7～35 nM,3774 GBq/mmole,New Englalld Nuclear,U,S,A.)を含む結合実験緩衝液 0.5
mlを添加し,37°Cで1～180 minインキュベートした。インキュベート後,細胞を結合実験緩衝液







キニ ンの結合 に対 す る [Lysyl]―,[Thi5ぉ,}Phe71_,[》Afg°Hyp3,Thf,B,}Phe7]_,及び [des―Arg9]―ブ ラ
ジキニン(いずれもPe?nsula Laborato?es,U.S,A.)の影響を検討した .
粘度測定
ヒアルロン酸(1.5 mg/ml)とメナルセルロース (0.4,1.5及び4.O mg/ml)は10%劇BSを含む
DMEMに溶解した。これらの多糖溶液の粘度 (mPA・Sで表示)は)校正した回転型粘度計 (東京計
器た用い37°Cで測定した。分子量2.O x 106,1.4x106,98×105及び2.8x10Sの微生物由来のヒア
















細胞 と培養液中の [HC]アラキ ドン酸代謝物





















ヒアルロン酸(15 mg/ml,猛2.O x 106)で前処理 した標識滑膜細胞をっブラジキニン(10″M)添
加または無添加で45 min培養した。この培養時間は,ヒアルロン酸が存在した場合でも[HClアラ
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Bradykinin ψM)
Fig.1.[14cIArachidonic acid release from prelabeled synovial
ce‖s in response to varying concentrations of bradykinin,
Ce‖s were exposed to various concentrations of bradykinin at








































Fig.2. Effects of bradykinin and hyaluronan(HA)on the kinetics of〔14c,1_
arachidonic acid release Prelabeled synovial∝IIs wer  incubated with
(●IA1 0r WnhOut(OI△)bradykinin(10州)in the presence(▲,△)Or
absence le,o)of1 5 mg/miHA(vr2 0 x 106)at 37°C ARe  subiecting
the media to ditterentincubation periodsi radioactivity in the medium
was determined Each pOintrepresents the mean tt S D.ofthree orfour
separate experiments.
Table l. Efrect Of preincubation with hyaluronan(HA)on bradykinin‐induced
ド4claraCttdOntt acid rebase from syno?創∝‖s
PreincubauOn dme Radioacti?ty released(dpm×10~3)





1.38±0.07  4.51 ±0.09




Prelabeled syno?al ce‖s preincubated wHh l.5 mg/mI HA(Aガ「2.0×106)were
exposed to bradykinin(10μM)at 37°C for 45 min.Each value represents the
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Hyaluronan concentration(mg/mり
Fig.3. Ettects of varying the molecular weight of hyaluronan(HA)
on bradykinin‐induced[14claraChidOnic acid release Prelabeled
synovial cells were exPosed to bradykinin(10 μM)at 37°C for 3 h
in the absence(PCi positive control)o「presence of HA f ditterent
mdecular wdghts(回:28x1051囲:98x1051囲:1,4x106j
■ :20x106)at0 5,1 01and 1 5 mg/mI.Each column represents
the mean ttS D.of three separate experimOnts Statistical significancel
evaluated by the unpaired Studentls r‐testi are ρく005(・),く001
(キ・ )l andくo001(・キ・ )
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Hyaluronan concentration(mg/ml)
Fig.4. Effects of hyaluronan(HA)on[14claraChidOnic acid release in response to






at 0 25,05,and1 0 mg/ml. Each column representsthe mean tt S D ofthree
早眠階ξ十;E料幹')里甘:‖F召早:階EISL∬ittdbyheunpairedStudeNs
Hyaluronan concentration(mg/mり
Fig.5.Effects of hyaluronan(HA)on A23187-induced t14c〕_araChidonic
acid releasc Prelabeled synovial ceHs were exposed to A23187(刊μM)
at 37°C for 3 h in the absence(PCi posiuve cOntrOりOr presencc of HA
of diffe「ent molecular weight(日:08～12x106,■:20x106)at 0 5,
10,and 1 5 mg/mI Each column represents the mean tt S D ofthree





































らの多糖溶液の粘度と [Иqァラキ ドン酸遊離量の関係をFig.6に示した。8,l mPA・S以下の粘度
では,[HClアラキドン酸遊離に対するヒアルロン酸とメチルセルロースの抑制作用は明らかに異なっ
ていた。特にブラジキニン存在下で頭著であつた。メチルセルロースは0,4 mg/ml(3.l mPA・S)及










































Fig.6. Effects of varying the viscosly of hyaluronan(HA)and methyI
ce‖ulose(MC)Samples On bradykinin‐induced and spontaneous[14cI_
arachidonic acid releasesI Prelabeled synovial ce‖s were incubated
wnh(0,O[▲:pOSuve cOntroりr without(■,□〕△i negauve contrOり
bradykinin(10 μM)at 37°C for 3 h in the absence(▲,△:∞ntrols)or
presence of HA(o,日)Of different molecular weights at刊5 mg/ml or
MC(Ol口)ato 4,15,and 4 0 mg/mI Each pointrepresents the mean
土S D ofthree separate experiments(except the positive controli n=9),
Signlficant ditterences of pく005(4)jく001(・ホ),andく0001∈ホう








過剰量である0 6 nmoleの[HC]アラキドン酸 (7×104 dpm)とともに培養した。この結果,ヒアルロ
ン酸は22hまで細胞への[MC]アラキドン酸取り込み量に影響しなかった (Table 2)。
Table 2. Effects of hyaluronan(HAl on inCOrparation oflabeled
arachidonic acid(AA)in synO?al celis
Time(h)Residual radioadi?ty in medium(dpm×10~4)
aRerincubauon  cOntrol(wnhOut HAl   incubation wКh HA  n
0            6.95
2            5.78±0.09
6            4.29■0.04












Atthe end ofincubation,the residual radioacti?ty wa  me su ed.
Each value represents the mean tt S.D.(except O h).
[3H]プラジキエン結合特性
滑膜細胞への [3H]ブラジキニン結合タイムコースを180 minまで調べた (Fig 7).ブラジキニン
レセプターに対して親和性の異なるサブタイプの存在が示されている [17,20]ことより,添加する
[3H]ブラジキニンは低濃度(0.7nM)と高濃度(35 nM)で検討したがぅいずれも全結合は反応後 60
minで平衡に達 した。これよリブラジキニン結合実験は原則的に 60 minの反応時間で行なった。
添加する[3H]ブラジキニン濃度を変化させた場合,滑膜細胞への[aH]ブラジキニンの特異的な結合
が認められ,およそ 10 nMでリガン ドの特異的結合が飽和した (Fig 8).特異的結合データを
Scatchard分析すると,滑膜細胞のブラジキニン結合部位は1種類と考えられ)平衡解離定数(Kd)
















120  150   180
incubation time(min)
Fig.7. 
‐Πme course ofi3H〕bradykinin(BK)binding by synoviai ce‖s.
Celis were incubated wnh o 7 nM(o)。「35 M( )Ofi3HIBK at 37°C.
Each pOint represents the mean tt S D.ofthree separate experiments.
「






Fig.8. Binding of i3Hibradykinin(BK)to synOVial ceIIs increasing concentratlons ofi3HIBK were
incubated whh ce‖s at 37°C lor 60 min SpecWic i3HIBK binding is defined as the direrence between
binding in the absence(tOtaりnd pr sence(nonSpecific)of 5 μM un abeled BK, Each pOint represents



















































FIg.9. cOmpetition of binding of i3Hibradykinin(BK)to synOVial ceIIs by BK analogues.
Celis were incubated at 37°C for 60 min whh 3 nM 1 3HIBK and varying concentrations of
uniabeted BK(o),ILysyI卜BK(o),ID‐ArgO,H坤3,Thi5,8,D‐Phe7卜BK(▲),IThi5,8,D‐Phe7卜BK
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Peptide concentration(M)
19
しなかつた(Fig 10)。また滑膜細胞をヒアルロン酸(1.5 mg/ml,猛2.O X 106)で30～180 min前処
理しても[3H]ブラジキニン結合量に影響を与えなかった (Fig,■).ヒアルロン酸 (1.5 mg/ml,猛




0    30    60   90   120   150   180
incubation dme(min)
Fig.lo, Ettect of hyaluronan(HA)on the kinetics of t3Hibradikinin(BK)binding
kj群ゞ｀監釧乱箔低,著写イピ紹評I習μ誂男T懇汗」l排ざ毛Ftte(・〕
indicated penods speclfic t3HIBK binding(o:0)iS derined as the d‖ference
between binding in the absence(totali□,日)and pr sence(nonSpecilc:△〕▲)of


























































































60        120       180
Preincubation time(min)
砧妥ピ善頑見1帝|き0酔齢銘器鉾想選螢巻M
difference between binding in the absence(totaりand presenc
(ROnSpecific)of 5 μM unlabeled BK Each pointrepresentsthe mean
土S D ofthree separate experiments
Table 3. Compattson of[3Hibradykinin(BК9 binding in hyaluronan
(HAl‐and methyl cellulose(MC)‐treated syno?al cells
[3HIBK binding(dpm′1 05 ceWS)














for 60 min at37°C.SpeciHc[3HIBKbinding isdeHned asthe
difference between binding in the absence(totaりand presenc
(nOnSpecWic)of 5 μM uniabeled BK.Values are the mean tt S.D.
of three separate experiments. a)Each value in square parenthesis




養した。いずれの場合も滑膜細胞の生存率は98%以上であった (Table 4)。細胞密度 (単位面積当り
の細胞数)にもヒアルロン酸の影響はほとんど認められなかった(Table 4).
Table 4. Effects of hyaturonan(HAl on the ? bi‖ty a d the densКy
Of synO?al ce‖s
Viab‖Ry Denshy
Source and Vrof HA       (%)   (celISんm2×10‐4)
Contro1                   98.9±0.7 4.07±0.16
Bacteria M「2.8×105       98.1 ±1.3     4.15±0,72
ん49.8×105      99.1±0.7     4.08±0.05
ん牛1.4×106       97.9±0.2     3.80±0.25
ん42.0×106       98.3±1.1      4.23±0.38
Pig skin Mr 4.0～6.0×104   97.8±0.4     3.67±0.47
Human umbWical cord
ん40.8～1.2×106   98.6±0.4     3.79±0.10
Synovial celis were incubated wКh or wHhout(contrOり1.5 mgォコIHA
of different sources and molecular weights(Mr)at 37°C for 48 h.
Values are the mean tt S.D.oi three or six(cOntrOりSeparate
































































































































研究所 よ り提供 され た 。OPsonized zymosanは,40 mgのzymosan(Sch聰「Z/Mana Biotech,U,S.A.)
を5 mlのウシ胎児血 清 (FBS;Hyclone Laboratorics,US.A)で37°C,30 minインキュベー トす るこ
とにより調製し,則曲I11640(Row Laboratories,U.S.A.)で3回洗浄後使用 した。ペニシリン及びス
トレプトマイシン(いずれも明治製菓)はぅそれぞれ100 kJ/d及び100〃g/mでRPM11640に添加し
た 。内LFormyl―L―methionyl―L―leucyl―L―phenylalanine(FTILP,10 mM,Sigma Chemical,U,S,A),cytO―
chalasin B(2 mg/ml,Sigma Chemical,U.S.A.), 12-0-tettadecalloylphorbo卜13-acetate(TPA,2 mg/m ,
ナ カ ライテ ス ク)及び A23187(2mM,SigIIla Che?c江,U,S.A.)はジメナル スル ホ キ シ ドに溶解 し放
用 す るまで -20°Cで保 存 した 。
好中球の調製
Kudoらの方法ド8]に従い,腹腔浸潤細胞として好中球を調製 した。ウイスター系雄1陛ラット
(200～300g,ケア リー)に7～9 mlの生理食塩液に溶解した3%カゼインナトリウム (和光純薬)を
腹腔内投与し,15～16h後にエーテル麻酔,放血致死させ開腹した。腹腔は氷冷した Ca21ハIg2+_含
有phOSphate―buffered saline(PBS)10 mlで4回洗浄し 浸潤細胞を採取した。細胞懸濁液は 4°Cで
300×g,5 min遠心し,細胞を沈澱として回収した。得られた細胞は混入 した組織片を沈澱させる
























軟骨分解機構 を特徴づけるため,ヒアル ロン酸 に代 えて作用の明確な種 々の試薬 を添加 した。次
の ものを用いた ,DiisopropylnuofophosPhate(DFP,lmM,Sigma Chemical,U,S,A.),α-1-prOteinase
inhibitor(α-1-PI;l mg/ml,Sigma Chemical,U.S,A),1-(5-isoquinolinesulfonyl)-2-methylpiperazine
dihydrochioride(H-7;50″M,生化学工業),superOxide dismutase(SOD,l mg/ml,3670U/mg,東洋
紡),catalase(50 μg/ml,65 KU/mg,Boehringer Mannheim,Germany),抗ラ ッ トCDllaモノクローナ
ル抗体 W「1(alli―CDlla,1:50希釈,生化学工業光 抗ラットCD18モノクローナル抗体 WF,3


























不含PBSで洗浄し,10 mM NaN3を含むHankぎb』allced sah solution(結合実験緩衝液,PH 7.4)に再
懸濁した。
ポリプロピレンチュープ内の2x106の好中球に,ヒアルロン酸(1.O mg/ml,払2.O X 106)及び非
標識 融ILP(100 μM,保存溶液200 mM)存在下または非存在下,N―[phenylalalline―ring-3,4,5-




ンチ レーシヨンカクテル (AQUASOL-2,New England Nuclear,US,A.)中で放射活性を測定 した。








軟骨デイスクをぅcytochalasin B(5〃g/ml)存在下融lLP(1〃M),OpsOnized zymosan(13 mg/ml),
TPA(100 ng/ml)または A29187(lμM)で活性化 した好 中球とともに 37°C,2h培養 した。
曲ILP/cytoch』asin B,opsonized zymosan及びTPAは同程度の軟骨分解促進作用を示 したが ,
A2a187は他に比べ弱かつた(Table 5).






Sulfated GAG content in























Cartilages and neutrophils(2×1 06ce‖S/cartilage)Were expOsed to the above stimulation
agents at37°C for 2 h.Values in μg are the mean tt S.D.of five separate experiments
(eXCept nOn‐sumulated neutrophils in Exp.2,n=10),where each was performed in tttplicate.a)Each value in square parenthesis expresses the percentage of suifated GAG content


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































軟骨と好中球 (1×1 06 cellS/carilage)を分子量の異なるヒアルロン酸(2,O mg/ml)存在下または非







好中球を予め曲ILP/cytochalasin Bで90 min刺激 した後,ヒアルロン酸及び軟骨を添加し,さら
に6h培養した。ヒアルロン酸は濃度依存的に軟骨分解を抑制したが,分子量依存性は認められな
かった(Flg,15)。
0      6      12      18
incubation time(h)
Fig.12. Effects of FMLP/cytochalasin B and hyaluronan(HA)on kine?cis
善畔評簡¶辞il館報i譜登鷲盟発議樋螺刊諜篤♂,
neutrophils)20 mg/ml HA in the presence ofthe s‖mulation agent or
neutrophils Each pOintrepresents the mean tt S D.offive or six separate


















































0~  NC  PC    o.1     0.5     2.0
Hyaluronan concentration(mg′:¬り
Fig.13. EHects of hyaluronan(HA)on neutrophil‐mediated cartilage
degradalion in the presence ofthe stimulation agenti FMLP/cytochalasin B.




cuitures are represented by NC(negatiVe∞ntroi vvihout neutrophils)and
PC(pOShiVe control wlhout HA)Each column represents the mean tt S D
oflve o「six separate experiments,where each was performed in triphcate
Statistical significance,evaluated by the unpaired Students r_test,are
ρく0,01(中中)andくO001(中中中〉
NC  PC0.1     0.52.0
Hyaluronan concentration(mg/ml)
Fig.14. Effects of hyaluronan(HA)on neutrophil‐mediated degradation oflive
cart‖age in the presence ofthe stimulation agent,FMLP′cyt∝ha s n B Live
cartWages and neutrophils(2x106 ce‖Srcartilage)Wer  incubated at 37°C for
6 hin the absence o「pr sence of HA of di,erent molecular weights(E]:28
x105,日:95x105,■:20x106)AO.1,05,and 2 0 mg/mi.Contrd
cuttures are represented by NC(negauve cOntrOI wnhout neutrophils)and PC
(pOSitiVe control without HA) Each column represents the mean tt S D of six
separate experiments,where each was pe百o「med in trip“c te St tistical












































0V  NC  PC    o.1     0.5     2.0
Hyaluronan concentration(mg/mり
Fig.15. Ettects of hyaluronan(HA)on oartilage degradation mediated by
neutrophils p「eincubated with the stimulation agent,FM LP/cytOchalasin B




20 mg/ml were added to neutrophil cultures and incubated at 37°C for6 h.
Control cultures are represented by NC(negatiVe control without neutroph‖s)
and PC(pOshiVe cOntrol wtthout HA) Each column represents the mean土
S D of six separate experiments,where each was pettormed in triplicate
OPsonized zymosan刺激 した好中球による軟骨分解に対するヒアルロン酸の作用




































Fig.16. Ettects of opsonized zymosan and hyaluronan(HA)on kineticis
却罷:職謀早絲!騨鈷説帥甜翻韓i5
without neutrophils)20 mg/mi HA in the presen∝of the st mulation
agentfor neutrophils Each pOintrepresents the mean tt S D of six
separate experiments,where each was pe百o「med in trip“c te
I  I
I I
0~  NC PC    o.5     1.0     2.0
Hyaluronan concentration(mg/mり
Fig。17. Ettects of hyaluronan(HA)on neutrophil‐mediated car ilage
degradation in the presence ofthe stimulalion agent,opsonized zymosan.
Cartilages and neuttophils(1.l X 106ce‖Sんartilage)were incubated at 37°C
for 2 h in the absence or presence of HA of different molecular weights
(□:28x105,日:95x1051■:20x106)at0 5,10,and 2.O mg/mi.
Control cuhures are represented by NC(negatiVe con甘ol wnhOut neutrophils)
and PC(positiVe control wtthout HA). Each column represents the mean土
S D of six separate experiments,where each was perfoRned in triplicate






















































NC PC   O.5    1.02.0
Hyaluronan concentration(mg/mり
Fig.19. Effects of hyaluronan(HA)on neutrOphil‐mediated degradation oflive
caltWage in the presence ofthe stimulation agent,opsonized zymosan Live




cuにures are represented by NC(negat?e∞ntrol wihout neutЮphils)and PC
(pOSitiVe control without HA)Each column represents the mean tt S D of six
separate expettments,where each was performed in t?phcate Statistical
significance,evaluated by the unpaired Students r‐est,are pくo.ol(中中)and
i0001(Ⅲ…).              .
NC  PC    o.1
Hyaluronan concentration(mg/ml)
Fig.19. Effects of hyaluronan(HA)on cartilage degradation mediated by
neutrophils preincubated wRh the stimulation agent,opsonized zymosan
Neut「ophils(l x lo7ce‖S/mI)were preincubated with the stimulation agent
誅:弔RttΨよ古14群;「密 電駅 lをギ甘 二ぞ帯翠 1砥召:111ぜ翠P
20 mgォ¬I were added to neutrophil cuitures and incubated at 37°C for2 h.
Control cuhures are represented by NC(negatiVe control without neutrophils)
and Pc(poshiVe∞ntrol wКhout HA). Each column represents the mean土





























ン酸は軟骨分解にほとんど影響せず,2.O mg/mlで高分子量ヒアルロン酸(猛2.O X 106)に抑制作用
が認められた(Fig。20).
NC PC
NC PC   O.10 5 2.0
Hyaluronan concentration(mg/mり
Fig.20. Ettects of hyaluronan(HA)on neutrophi卜mediated cattilage degradation
in the presence ofthe stimulation agentsI TPA(upper paneりa d A23187(lower
paneり Cart‖ages and neutrophils(2x106 ce‖S/cartilage)Were incubated at 37°C
tor 6 h in the absence or presence of HA of different molecular weights(E]:2.8x
105,□:9.5x1051■:2,O x 106)at0 1,05,and 2.O mg/mi.Conttd cuКures are
represented by NC(negatiVe control wnhOut neutrophils)and Pc(poshiVe control
wnhOut HA) Each column represents the mean tt s D of siX separate experiments,
where each was pettormed in triplicate, Statistical significance,evaluated by the





























































[3H]mlLP結合に対するヒアル ロン酸 (1.O mg/ml,x2.O x 106)の経時的影響 を100 nM[3H3FhILP






































0    25    5    75   10  125
FMLP bound lfmole/1o6ce‖S)
0~       20     40     60     80    100
[3H]FMLP concentration(nM)
Fif卜ヽ編モ乳:ぞ織よ呉認鮒喝首イ[電,齢;留11』;逮:継,W与」::暫景剋格留瑠肥器F
HA(AT「20x106〉speC‖iC i3HIFMLP binding is delned as the difference between binding in the absence
and presence of司oor′M uniabeled FM LP The points shown are from three separate experiments inset
















































0    10   20   30   40   50   60
incubation time(min)
Fig.22. Effect of hyaluronan(HA)on the kineucs ofi3HIFMLP binding
扉剛 音ζ常廿拝も剛 S罫:勇B,∵18瑠肝 歌 1り「幽 FЧ鼎 1'亀f針




ン酸(2.O mg/ml,猛20×106)を含むRPNI11640に懸濁 し,37°Cで20hまで培養 した。細胞生存率
はトリパンブルー排除法により評価 した。ヒアルロン酸は20hまで細胞生存率に影響しなかった
(Table 7)。
Table 7. Efrect Of hyaluronan(HA)on neutrOphil viab‖ity
ViabilКy(%)
覇me(h)anerincubauon    COntrOI      HA
92.8±0.4       ‐
33.0±1.0    85.4±3.7
75.4±3.7    76.5±2.2
Neutrophils(1.4×1 07 celiS′mりWere incubated wnh Or
wnhOut(cOntrOり20 mg/ml HA(A〃「2.0×106)at 37°C




























































に結合後,好中球の細胞内Ca2+濃度の上昇や prOtein kinase Cの活性化を引き起こすことが知られ













(SChema H参照)。 PrOtCin kinase C阻害剤であるH-7はmILP/cytochalasin B刺激 した好中球の軟骨


















































材 料 と方 法
関節液
関節液の貯留を伴う変形性膝関節症患者より関節液を採取した。採取した関節液は-20°Cで保存






関節 液 の グ ル ロ過 は,SephacryI S-500(Pharmacia LKB,Sweden)カラ ム (2.5×92 cm)を用 い ,
HBSSを溶 出液 と して 4°Cで行なった。カラムに はHBSSで3倍希釈 し,0.45/m―フィル ターで ロ
過 した関節液 10 mlを添加 し,最大流速 13d/hで溶 出 した。溶 出液 は5耐ずつ分取 した。
好中球接着表面
24穴ポ リス テ レ ンプ レー ト(Coming,U,S.A)に0 15 M NaCIに溶解 した ラ ッ ト免 疫 グ ロ ブ リン
G(IgG,05 mg/ml,Cappel―Orgallon Teknika,U,S,A)0.5m1/wllを添加 し,4°Cで一晩放 置 す る こ と
黎
によりIgGを表面コー トした。プレー トは0.5 mlのO.15 M NaClで4回洗浄し,一次処理プレート
とした。一次処理プレー トにはさらに2倍希釈関節液を05m胸題1添加し,37°Cでlh放置した。
プレー トは0.5?のHBSSで3回洗浄し,二次処理プレー トとした。
比較のため,二次処理時に関節液に代えて,Am―Gel Protein A処理関節液ぅウシ胎児血清 仰BS;
Hyclone Laboratories,U,S,A.),リューマチ因子陽性ヒ ト血清 (IJ―serum;20%希釈,The Binding Site,
Englalld),無処理 または熱凝集ヒトIgG(1.O mg/ml,Cappel―Org llon Teknika,U,S.A),無処理また
は熱凝集 C―reacive prottin(CRP,0,4 mg/ml,Chemicon,U.SA),あるいはこれ らの混合液をウェル
に添加 した。ヒトIgGの熱凝集化は,HBSSに溶解 し10 mg/mlとしたIgGを63°C,lh処理するこ
とによ り行なつた。CRPの熱凝集化はプレー トの二次処理直前に,245 mg/mlの濃度で 63°C,2
?n行なった [133].
プレー トの二次処理は関節液のグルロ過溶出画分を用いても行なつた。この関節液グルロ過分画
物については, さ らに chondfoiinase AC(0.31U/ml,生化学工業),hyalurOnidase(78 mU/ml,
S′r9pんじοじε′∫ゥ電αttε′カゼ由来 ,生化 学 工業),glyCOpepddase A(1.6 mU/ml,生化 学 工業 ),
Ⅳぢlycallase(33 mU/ml,Genzyme,U,SA.)また は 0-glycallase(0.083 mU/ml,Genzyme,U.S.A.)で
37°C,24h,あるいはtrypsin(1.6 mg/ml,Πow Laboratories,U,S,A.)またはactinase E(0.63 mg/ml,
科研製薬)で37°C,lh処理し,これらを用いて同様にプレー トニ次処理を行なつた。
IgGまたは関節液成分の表面沈着に対してヒアルロン酸 (猛2.O X 106,9.5×105及び28×10S,資
生堂,第1章参照)が影響するのかどうか検討するため,IgGまたは関節液で表面処理する際にヒア
ルロン酸(01,0.5及び20 mg/ml)を共存させた。さらにプレー トを予めヒアルロン酸(HBSS溶液)







Mannheim,Germally)存在下 ,supero?de dismutase(SOD,3570U/mg,Sigma Chemical,U.SA)によ
45
り阻害されるcytochTome C(Sigma chemic江,U,S,A.)還元量として測定した[134].種々の表面処理












dihydrochlofide(H-7;500 μM,生化 学工業),staurOsporine(100 nM,BiOmol Research Laboratories,
U.S.A.),ハト(6-alninohexyl)-5どchlofo-1-naphthalene―sulfo amide(W7;500″M,生化 学 工 業 ),
calyculin A(lμM,和光純薬),okadttC acid(lμM,和光純薬),geniStein(50″g/ml,Extasynthese,
Frallce),cytOChalasin B(5 μg/ml,Sigma chemical,U,S.A.)刀砲びdibutyryl―cAMP(di―Bt―CAMP,l mM,
Sigma chemical,U.SA)。一部の好中球 (1.2X106 cellS/ml)はポリプロピレンチューブ内で百日咳毒
素(100 ng/ml,科研製薬)イこより37°C,2h前処理した。StaurOsPorine(10 mM),Calyculin A(lmM),




(5 μg/ml)を含むHBSS(600 μl)に懸濁した好中球 (3.6×105 cellS/well)をウェルに添加し,種々 の条












nmole/1 06 cellS,ヒト由来:12.1±0.6 nmole/1 06 cellS,コントロール(プラスチック表面):08±0,1
nmole/106 cenS(ぃずれもn=3)となり,ラット及びヒト間での差は認められなかった。
0    15   30   45   60   75   90
incubation ume(min)
Fig.23. Time∽urse of OБ release by neutroph‖s on plas‖c(o)
and igG‐coated(o)Surfaces Each pOint represents the mean土






















































0    0.2   0.4   0.6   0.8   1.0
1gG concentration(mg/ml)
Fig.24. 02‐ release by neutrophils in response to varying∞centrations
ofigG for suttace coating ce‖s were cubated at 37°C for 60 min on the
surfaces Each pOint represents the mean tt s D ofthree separate

















Table 8. Effects of various treatments of plastic and igG‐precoated surfaces
on the(D」releaSe by settled neutroph‖s































PIastic surfaces precoated with or vvithout ratigG were subsequently coated with
synovial ttuid(SD,SF incubated wnh Affi―Gel protein A,fetal bovine serum(FBS),
human lgG(higG,1.O mg/mり,rheumatoid factor poshive human serum(RF serum,
20%)and C‐reacdve protein(CRP,0.4 mg/mり.higG and CRP were heat―aggregated
at 63°C forl h and for 2 min,respectively,in some experimentso Neutrophils(3.6×
1 05 celis)were incubated for 60 min at37°C,and O」elease was measured.Values
are the mean tt S.D.ofthree separate experiments, where each was performed in
triplicate.
好中球の02産生特性

































0.2   0.3   0.40.1
Reciprocal d‖ution of synovial fluid
Fig.25.(Df releaSe by neutroph‖s in response to increasing
concentrations of synovial fluid for coatings of plastic(O)and igG‐
precoated(●)Suttaces, Celis were incubated at 37°C for 60 min
on the suttaces. Each pointrepresents the mean tt S D oftwo
separate experiments,where each was pettorlned in triplicate.
lgG(‐) lgG(+)
Surface precoating
Fig.26.(D2‐ releases by neuttophils in response to different synovial
‖uids fЮm patients(n=22)wnh inlammatoryioint diSease.NeutЮph‖s
on suttaces precoated whh or wnhout(plasuC)igG and subsequenJy
coated with syno?alfluids were incubated at 37°C for60 min Each
point represents the rnean tt S.D.ofthree separate experimentsl where
each was pettormed in triplicate (DぢreleaSe lev is on plasuc and igG‐






















Table 9i Charactettzation of O」release by neutrophils on ttG‐and igG/syno?a1 luid(SFl‐
coated surfaces
O」release(nmole′l o6c ‖S)
Expettment Treatment           igG‐suttace[Ratiol→ lgG/SF‐surface tRatiol




31,2±1.1 [1,001     34.9±0.4  [1,001
2.4±0.1[0.0811.9±0.1  [0.051
An可‐CDlla(1:50 diludon) 17.0±0.8 [0.541    21.4±0.1 [0 61〕
Anti‐CD18(1:50 dilution)   22.1±1.8 [0.711      4.1±0.1  [0.121
2.9±0,4 [0.091      3.3±0.4  [0,091

















4.1 ±0.0  [0.121
2.9±0.2  〔0.091
No addition 21.5±0.9 [1.001
Pettussis toxinb)(loo ng/mり 11.2±0.8 [0.521
24.1±0.5 [1.001
5.7±0.1  [0.24〕
Neutrophils(3.6×1 05 ceWS)Settled on surfaces precoated wRh uG and subsequenuy cOated
wHh o「whhout SF were incubated under vattous condHions at37°C for 60 min,and O」release
was measured.Values are the mean tt S.D.ofthree separate experiments,where each w偽
performed in triplicate.a)Each value in square parenthesis expresses the retative rado to the
pOshive contrOl(nO addHion).b)Celis were pretreated wnh pertussis toxin(100 ng/mりat 37°C
for 2 h. Negative controI(plastic surface)Values for Exp.‐l and‐2,and Exp.3 were 3.0±0.1











表面では全 く影響がなかった。平7はいずれの表面上でもほぼ完全に細胞接着を抑制 した .






plasuc    igG    igG/SF    SF
Surface
Fig.27. Determination of noutroph‖adhesion to surfaces coated with or wvithout
igG and synovial‖uid(SF) Neutrophws(18x103 ce‖S/mm2)were added on
the surfaces and incubated at 37°C for 60 min メヽfter gentie washing,adherent
ceWs were counted Each column represents the mean tt S D ofthree separate


































































Table 1 0, CharacteHzation of neutrophil adhesion on igG‐and igG/synovial fluid(SF)‐coated surfaces
Number of adherent neutrophils(celiS′mm2)







20±9   [0.021
1379±136 [1.15〕
095±239   [1.00〕
657±103   [0.601
8±7   [0.011
521 ±130   10.481
1005±264   [0.921
43±37    [0.04〕
Anti‐CDlla(■50 dilution)  1200±188[ . 1













883±181   [1.001
802±82    [0.911
799±150   [0.901
17±23    [0.021
558±57    [0.63〕




1 51 ±121 [0.85]
350±199   [1.001
847±76    [0.631
Neutrophils(1800 ce‖s/mm2)added On surfaces precoated with igG and subsequently coated
with or vvithout SF were incubated under various conditions at 37°C fo 60 min.ARer gentle washing,
adherent ce‖s w re counted. Values are the mean tt S.D.ofthree separate experiments, where
each was performed in triplicate a)Each value in square parenthesis expresses the relative ratio to













































































~   40     60     80     100    120      ヤ
Fracuon Number(5 my fraction)
Fig.28. The elution pro覇e f wowing SephacryI S‐500 filtration chromatography
of synOvial‖u d(SF) Each fraction was tested for UV‐absorption(280 nm)and
oxidative response of neutroph‖s Cews On suttaces precoated with igG and
subsequendy coated wnh the cOlumn frattions were incubated at 37°C for 60
mini and Os release was measured. The void volume(Vo)and the OΣrelease
levels on igG‐and igG′SF‐coated surfaces are indicated
54
Table ll.Effects of enzyme treatments of syno?alt uid(SD On Oxidative response
of neutroph‖s
Oす release(nmole/106 ce‖S)
Expettment Enzyme      +pooled fracuon[Ratio]°  ‐pooled fra ∬on
lb)    No addition22.8±0.5   11.431        15.9±0.9




12.2±0.5   [0.83〕




3d)    No addition195±0,7   [1.231
Chondroninase AC   24.7±0.6 [1.331
Hyaluronidase        22.1 ±0.9 [1.26〕
鮮Glycanase
OぃGlycanase
21.2±0.1   [1.28〕






12.5±0.5GlycOpeptidase A     2刊.5±0.4   [1.721
Neutrophil activating pooled fraction of SF aRer filtration chromatography on Sephacryl
S‐500 was treated with various enzymes,and then used for coatings ofigG‐precoated
surfaces.Control experiments were carried out in the absence ofthe pooled fraction.
Neutrophils(3.6×1 0SceWs)on the surface were incubated for 60 min at37°C,and O」
release was measured.Values are the rnean tt S.D.ofthree separate experiments,
where each was performed in tttplicate.Negat?e con rol(pl stic surface)value was 5.0
±0 3 nmole′1 06ce‖S.a)Each value in square parenthesis expresses the relative ratio to
each control(withOut pooled fraction).POOled fractions were incubated at 37°C forb)Oh,C1l h andd)24 hinthe presence or absence of enzymes.
ヒアルロン酸による表面処理が好中球の 02‐産生及び接着に及ぼす影響
ヒアルロン酸によリプレー トを前処理した場合,IgGまたは関節液によるプレー トのコー ト処理
時にヒアルロン酸を共存させた場合,及びIgGをコートしたプレートをさらにヒアルロン酸で処理
した場合の好中球の02産生挙動と接着細胞数を検討した.IgGをコー トする前にヒアルロン酸で
プレー トを処理すると,好中球の02産生に対 して分子量 2.0×106のヒアルロン酸は01～20
mg/mlの範囲で影響 しなかったが,分子量95x105及び2.8×10Sのヒアルロン酸は促進する傾向が
認められた (Table 1 2)。一方,予めヒアルロン酸処理したプレートをIsG,次いで関節液でコー ト
すると,高分子量ヒアルロン酸(猛2.0×106)のみが02~産生を抑制した。しかしながら濃度依存性




理したプレー ト上での好中球の 02‐産生は,分子量95x105及び 2.8×105のヒアルロン酸 (20
mg/ml)では影響されなかったが,高分子量ヒアルロン酸(猛2.0×106)は01～20 mg/mlの範囲で
濃度依存的に抑制する傾向が示された .
Table 1 2. Effect of hyaluronan(HAltreatment of biongical surfaces on Of release by settled neutrophils
Surface treatment HA Oゴrelease
2nd    M「 Concentrauon (nmOle/1o6celに)[RaJol→Experiment  Pre‐   l st
lgG
lgG+HA 2,8×105   2.O mg/ml
9.5x105  2.O nlg/ml
2.0×106   2.O mg/ml
18.9±0.3     [1.001
13.6±0.5     [0.72〕
13.3±0.6     10.73〕
















































































































`IgG   SF
HA   lgG   SF    2.8×105
9.5×105
2.0×106
1gG  SF+HA  2.8×10S
9.5×10S
2.0×106
Neutrophils(3.6×1 0Sce‖s)on the suttaces treated under various conditions were incubated at37°C for
60 min,and Of release was measured.PIastic surfaces were pretreated at 37°C forl h wКh HA ofd‖fer nt
molecular weights(M「2.8×105,9.5×105,and 2.0×106)at O.1,0.5,and 2.O mg/mI.lsttreatment wRh lgG
was cartted out at 4°C overnight and 2nd whh syno?al‖uid(SD waS37°C for l hinthe presence or
absence of卜→A of different molecular weights atthe indicated concentrations. Values are the mean tts.D.
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好中球の接着に対しては,分子量 20×106のヒアルロン酸 (20 mg/ml)を用いて検討 した。好中
球の接着数は,プレー トのヒアルロン酸による前処理により増加する傾向が認められたが,その他
の処理では全く影響を受けなかった(Table 13)。
Table 1 3. Effect of hyaluronan(HAl treatment of bio“gical
surfaces on neutroph‖ adhesion
Suttace treatmentNumber of adherent neutrophils
(CelIS/mm2) 「Ratioi°l st    2nd
lgG
lgG+HA
lgG    HA
HA   lgG
1197±83    [1.001
1231 ±42    [1.031
1124±102   [0.94〕












1095±239   [1.001
1046±164   [0.961
1203±49    11.101
Neutrophils(1800 ceWs/mm2)added On the surfaces treated under
various conditions were incubated at 37°C for 60 min.Aner gentle
washing,adherent ce‖s was counted. PIastic surface was pretreated
wnh 2.O mg/ml HA(Aガr2.0×106)at 37°C forl h.lsttreatment wRh
igG was carHed out at4°C overnight and 2nd wnh synO?alttuid(SD
was 37°C for l hin the presence or absence of 2.O mg/mI HA(Aガ「
2.0×106).values are the mean tt S.D.ofthree separate experiments,
where each was performed in trip‖cate,a)Each Value in square























































と相関していた。Caluculin Aとokadaic acidはphosphatase type-2Aに対する阻害力は同程度だが,
phosphatase type-1に対してはokadaic acidの阻害作用は弱く,calyculin Aはより強力な阻害作用を
示す[139].従つて好中球の接着に対してphOsPhttase type-1が重要な働きをしていると考えられる。




















流で抑制することが報告されている[147]。これ らの報告と)cytochalasin B及び d ―Bt―cAMPがIgG
コー ト表面で好中球の接着数に影響することなく02産生を阻害する結果とは良く一致する。しか
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